INTRODUCTION
It is well known that the gut microbiota can protect against certain pathogenic and zoonotic organisms (Nava et al., 2005) and stimulate an immune response (Mead, 2000) . In poultry, there are 10 7 to 10 11 bacteria per gram of gut content (Apajalahti et al., 2004) . In the intestine of mammals, the quantity of microbial gene copies is approximately 100 times more than that that of the host (Bäckhed et al., 2004; Ley et al., 2005) .
The gastrointestinal microbiota can consume, store, and redistribute energy, and mediate the host's physiology and biochemistry pathways. Moreover, many factors can affect the composition of the avian bacterial community, such as diet (Knarreborg et al., 2002) , age (Knarreborg et al., 2002; van der Wielen et al., 2002; Zhu et al., 2002) , antibiotic administration (Knarreborg et al., 2002) , and infection with pathogenic organisms (Kimura et al., 1976) .
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microbiota, such as some members of the genera Bacteroides (Bentley and Meganathan, 1982) , Salmonella (Martens et al., 2002) , and Lactobacillus (Crittenden et al., 2003) , produce some essential vitamins including vitamin K, vitamin B 12 , and folic acid (vitamin B 9 ). These bacteria contribute to intestinal bile acid metabolism and recirculation, transform potential carcinogens such as N-nitroso compounds and heterocyclic amines, and activate bioactive compounds including phytoestrogens (Lunn et al., 2007; Jones et al., 2008; Mai and Draganov, 2009 ). On the other hand, the lack of exogenous vitamins, such as no dietary vitamin additives, may affect the balance of the gut microbiota and then influence the health of host. However, existing research on the nutrition of vitamins in broilers has concentrated on the influence of different kinds of vitamins, such as vitamin A, D, E, C, and carotenoids, and on the growth, immune, and reproductive performance of broilers (Ali et al., 2010; McGrath et al., 2010; Gallo et al., 2011; Kim et al., 2011; Guan et al., 2012; Rosa et al., 2012) , whereas research on the interaction between dietary vitamin additives and intestinal bacteria is poorly understood.
With the exception of humans and pigs, our current knowledge of intestinal microorganisms in poultry, adult humans, and some other monogastric animals predominantly comes from culture-dependent approaches (Moore and Holdeman, 1974; Barnes, 1979; Mead, 1989) . Extensive research of the culturable bacterial microbiome of chickens has been conducted (Rolfe, 2000) , but in recent years, conventional cultivation has been supplemented with cloning and sequencing of 16S rRNA genes (Gong et al., 2002; Zhu et al., 2002; Bjerrum et al., 2006) . It is expected that a culture-independent 16S rRNA gene library approach will reveal greater bacterial diversity than previous cultivation-based studies.
Therefore, the aim of this study was to use 16S rRNA gene libraries to determine the differences in the bacterial community composition in the cecum of broilers fed diets with or without the addition of vitamins, and in turn, to explore the potential role in the gut health of the broilers.
MATERIALS AND METHODS

Sample Sources and Processing
The experiment was conducted using a total of 120 one-day-old Qingjiaoma (a native breed in south China) broilers from same breeder hen were randomly allotted by BW to 2 treatments (with or without compound vitamin additive) with 10 replicated cages [6 broilers per cage per treatment (n = 60)]. Broilers were housed in electrically heated, thermostatically controlled cages (length 100 cm × width 50 cm × height 45 cm) with fiberglass feeders and water troughs and a 24-h constantlight schedule. Room temperature was maintained at 34°C during the first 3 d and was gradually reduced to 28°C by the end of wk 2. The experiment was conducted for 4 wk (28 d). Chicks were managed according to animal care and use guidelines approved by the Sichuan Agricultural University Farm (Ya'an, China). The basal corn-soybean meal diets were formulated according to the China Feeding Standard for yellow-feathered broilers with a decline of protein and energy (Table 1) . Dietary vitamins were added as premix at the NRC level (0.1%). The concentration of single vitamin per kilogram of diet is shown in Table 1 . Per kilogram of vitamin premix was replaced with equivalent zeolite powder for broilers without dietary vitamins. During the experiment, the mortality, BW gain, average feed intake, feed/gain ratio were recorded and calculated. Data of growth performance were statistically analyzed with the paired-samples t-test of SPSS 16.0. The CI was 95%.
On d 28 of the experiment, following a 12-h fast, 2 broiler chickens from each cage (a total of 20 broilers for each treatment) were selected according to the average BW within the cage and slaughtered according to the Welfare of Animal Slaughter Regulations of China. After the abdominal cavity was opened, the digesta of each broiler was immediately isolated from the cecum with sterilized surgical scissors and collected into a sterilized 1.5-mL centrifuge tube and maintained on ice for approximately 1 h while being transported to the laboratory for processing. All of the samples were stored at −70°C until further processing. 
DNA Extraction, PCR Amplification, and Clone Library Construction
Nucleic acids were extracted from 0.5 g of cecal digesta material, based on the bead-beating method described by Zoetendal et al. (1998) . The PCR amplification was performed using the bacteria-specific forward and reverse 16S rRNA primers 8f and 1510r following previously published protocols (Zoetendal et al., 1998) . A 16S rRNA gene library was constructed from the pooled purified PCR products from each treatment of 20 broilers. The quantity and quality of total DNA and PCR product from each sample was detected with a NanoDrop ND-2000 spectrometer (Thermo Fisher Scientific, Waltham, MA). The pooled PCR product was cloned into Escherichia coli strain TOP10 using the pGEM-T Easy vector (Promega, Madison, WI). Positive clones (white) were selected and inserts of recombinant plasmids were reamplified using the primers T7 (5′ AAT ACG ACT CAC TAT AG 3′) and SP6 (5′ ATT TAG GTG ACA CTA TAG 3′) to check the length of the insert fragments. Each clone with a correctly sized insert was grown overnight in Luria-Bertani broth, and its plasmid DNA was extracted and sequenced in both directions (Invitrogen, Shanghai, China). A total of 200 clones with the correct-sized inserts from each treatment were sequenced.
Estimation of Bacterial Diversity and Phylogenetic Analysis
Based on a species-level sequence identity criterion of 98% (Wright et al., 2009) , MOTHUR (Schloss et al., 2009 ) was used to assign sequences across the 2 libraries to operational taxonomic units (OTU). As part of the MOTHUR suite of programs, the Shannon index was used to analyze diversity and Libshuff analysis was used to compare community structure between the 2 libraries. The sampling effort in each library for specieslevel OTU was evaluated by calculating the coverage (C) according to the equation C = 1 − (n/N), where n is the number of OTU represented by a single clone and N is the total number of clones analyzed in the library (Good, 1953) . The BLAST program was used to search GenBank entries (Altschul et al., 1997) and presumptively identify the nearest validly described neighbor of each bacterial sequence. Lastly, a neighbor-joining tree was constructed using the phylogenetic software PHY-LIP (version 3.69) with 1,000 bootstrap resamplings (Felsenstein, 2004) .
Nucleotide Sequences and Accession Numbers
Phylotypes were designated by using NV (no vitamin additive) and V (with vitamin additive) to represent the 2 groups. The nucleotide sequences reported in this paper have been deposited in the GenBank database under accession numbers from JQ248077 to JQ248092 (NV library) and JQ248093 to JQ248116 (V library). The sequence quality and chimeric sequences were checked with the bundled software of Banklt.
RESULTS
Comparison of Growth Performance Between NV and V Broilers
The BW gain and average feed intake of V boilers was significantly higher (P < 0.01) than NV boilers, whereas the feed/gain ratio was significantly lower (P < 0.01; Table 2 ). Thus, the NV boilers showed relative slower growth compared with V broilers, although there was no significant difference of mortality between the 2 groups (P > 0.05, Table 2 ).
Sequence Analysis of Bacterial 16S rRNA Gene Clone Libraries from NV and V Broilers
A total of 188 16S rRNA gene sequences were analyzed from the cecal digesta taken from the NV broiler clone library. Sequence examination of these clones revealed 8 different OTU (Table 3) . Thirty-six sequences (19%) were assigned to OTU 7 and were closely related (99.7%) to E. coli and Shigella flexneri, whereas 31 sequences (16%) were assigned to OTU 1 and were closely related (98.0% identity) to Clostridium orbiscindens. Sixteen sequences (9%) were assigned to OTU 11 and were closely related (98.6%) to Subdoligranulum variabile, whereas 13 sequences (7%) were assigned to OTU 10 and were closely related (99.8%) to Streptococcus alactolyticus. Nine sequences were assigned to OTU 4 and 6 sequences were assigned to OTU 30 with 97.6 and 97.0% identity to C. orbiscindens, respective- (Table 3 ). In addition to these sequences with high identities to 16S rRNA gene sequences of cultured microorganisms, clone NV8 (OTU 6, 18 sequences) had only 95.9% identity to Faecalibacterium prausnitzii, but had 99.6% identity to an uncharacterized bacterial clone also from broilers (Yu et al., 2007) . Clone NV4 (OTU 3, 9 sequences) and NV12 (OTU 9, 18 sequences) were distantly related to Bacteroides capillosus with only 94.9 and 95.9% identity, respectively, but had 99.7 and 96.6% identity to a bacterial clone from preadolescent turkeys (Scupham, 2007b) and humans (Li et al., 2008) , respectively. Clone NV7 (OTU 5, 10 sequences) was distantly related to Ruminococcus torques (96.4% identity), but had 99.8% identity to clones from the cecum of broiler chickens (Bjerrum et al., 2006) . Clones NV14 (OTU 19, 8 sequences) and NV15 (OTU 31, 6 sequences) were distantly related to Clostridium bolteae (91.2-94.9%) and Clostridium glycyrrhizinilyticum (96.3%), but were closely related to bacterial clones from avian intestine with 98.1 and 97.5% identity (Scupham, 2007a) , respectively. Clones NV3 (OTU 2, 2 sequences) and NV10 (OTU 8, 6 sequences) were very distantly related to Clostridium methylpentosum (89.0% identity) and Parasporobacterium paucivorans (87.4% identity), but showed 100 and 99.1% identity with bacterial clones from chicken intestinal microbiota (GenBank accession no. GQ175446) and clones from preadolescent turkeys (Scupham, 2007b) , respectively.
A total of 185 sequences were obtained from the 16S rRNA gene library of broilers with dietary vitamins (V). These 185 sequences were assigned to 25 OTU (Table 3) . Thirty-three sequences (18%) were assigned to OTU 33 and were related to Clostridium lactatifermentans with 99.0% identity, whereas 22 sequences (12%) were assigned to OTU 30, which had 97.0% identity to Clostridium orbiscindens (Table 3) . Fourteen sequences (8%) were assigned to OTU 34 and were 99.7% related to Lactobacillus johnsonii. In addition to these high identical (≥98.0%) sequences, clones V1 (OTU 12, 15 sequences) and V2 (OTU 13, 10 sequences) were distantly related (90.7 and 90.3% identity) to Anaerofilum agile and Anaerotruncus colihominis, respectively, but had even higher sequence identities (95.2 and 94.6%) to uncharacterized bacterial sequences from rats (Gen- Bank accession no. DQ77790) and preadolescent turkeys (Scupham, 2007b) . Although clones V18 (OTU 28, 1 sequence) and V21 (OTU 31, 9 sequences) had 95.7 and 96.4% identity to Clostridium glycyrrhizinilyticum, respectively, the 2 sequences had 99.7 and 97.5% identity to clones from chicken (GenBank accession no. GQ175432) and the avian intestine (Scupham, 2007b (Scupham, 2007a) , human (Li et al., 2008) , cecum of turkeys (Scupham et al., 2008) , and the human intestine (Ley et al., 2006) , respectively. Clone V6 (OTU 17, 3 sequences) was distantly related to Turicibacter sanguinis (83.2% identity), but had 99.5% identity to a clone from the human gut (Dethlefsen et al., 2008) . Clones V7 (OTU 18, 7 sequences) and V17 (OTU 27, 6 sequences) were distantly related to Gracilibacter thermotolerans (84.3%) and Acetivibrio cellulolyticus (86.2%), but had 99.6 and 97.0% identity to bacterial sequences from broiler chickens, respectively (Bjerrum et al., 2006) . Clones V5 (OTU 16, 2 sequences) and V10 (OTU 20, 2 sequences) had only 88.1 and 84.6% identity to C. methylpentosum and C. lactatifermentans, respectively, but were more closely related to uncharacterized bacteria from the feces of mouse (Matsumoto et al., 2005) and chicken (GenBank accession no. GQ175467). Furthermore, clones V11 (OTU 21, 5 sequences) and V14 (OTU 24, 6 sequences) were distantly related to Clostridium saccharolyticum (87.9%) and Clostridium aldrichii (86.3%), but had only 92.5 and 96.8% identity, respectively, to sequences obtained from the human intestine (Ley et al., 2006) and the cecum of broilers (Bjerrum et al., 2006) .
Comparison of the Community Structure Between the 2 Clone Libraries
Clone library OTU coverage rates were estimated at 100 and 97.8% for NV and V, respectively. According to the Shannon index analysis (MOTHUR), the V clone library exhibited significantly higher bacterial diversity (2.79 ± 0.12) than the NV library (2.43 ± 0.09; P = 0.05). Libshuff analysis also indicated that differences in the bacterial community structure between the 2 libraries were significant (P < 0.0001).
DISCUSSION
To the best of our knowledge, this is the first study to detect whether or not the lack of dietary vitamin additives can influence the diversity of cecal bacteria. Results of the growth performance indicate that the lack of dietary vitamins had adversely affected the growth of the broilers. Combining the growth performance between the 2 groups of broilers and considering the key role of gut bacteria in the digestion and absorption of nutrients and the health of the host, we suspected that the lack of dietary vitamins adversely affected the bacterial populations, which may have an effect on the health of the broilers.
In poultry, investigations on the intestinal bacteria have been based upon classical culture experiments (Jin et al., 1998; Spring et al., 2000) , and reports using molecular techniques such as 16S rRNA gene clone libraries (Gong et al., 2008; Cressman et al., 2010; Corrigan et al., 2011) remain to be supplemented. In the present study, we found very significant differences in the bacterial population structure, both in diversity at the OTU level and sequence representation between chicks with and without vitamin additives. The high coverage of the 2 libraries illustrates both of the libraries were very well sampled for the diversity that they contained. Results of the Shannon index indicated that the diversity of bacteria in the cecum of broilers with vitamin additives was significantly higher, which suggested that the supplement of vitamins in the diet was beneficial to the growth of cecal bacteria of broilers.
The NV clone library had 14 OTU, whereas the V clone library had 23 OTU, but only 3 OTU (OTU 19, OTU 30, and OTU 31) were shared by the 2 clone libraries (Table 3, Figures 1 and 2) . We observed that the majority of clones in the 2 libraries were assigned to the genus Clostridium, which is in agreement with previous studies indicating most of bacteria in the cecum of broilers escaped traditional cultivation methods (Zhu et al., 2002; Lu et al., 2003) . The proportion of sequences assigned to the genus Clostridium in the cecum of broilers with vitamin additive was 46%, compared with 33% without vitamin additive (Table 3, Figure  1) . Moreover, the proportion of sequences assigned to the genus Faecalibacterium was also higher in the cecum of broilers with vitamin additive (Table 3) . It has been reported that in the hindgut of humans or other mongastric animals, F. prausnitzii is one of the most abundant butyrate producers (Louis and Flint, 2009) . Faecalibacterium plays a key role in maintaining gut health as the major source of energy to the colonic mucosa and is an important regulator of gene expression, inflammation, differentiation, and apoptosis in host cells (Scheppach and Weiler, 2004; Pajak et al., 2007; Hamer et al., 2008) . The higher ratio of the butyrateproducing bacteria observed in the broilers receiving vitamin additives in the present study may suggest that the intestines of these broilers are likely to be healthier than those of broilers with a lack of vitamin additive in the diet, which needs to be confirmed by histopathological analysis.
In addition, 5 bacterial genera (Escherichia/Shigella, Bacteroides, Subdoligranulum, Streptococcus, and Parasporobacterium) were only found in the NV gene library, and 8 genera (Anaerofilum, Lactobacillus, Anaerotruncus, Oscillibacter, Alistipes, Gracilibacter, Acetivibrio, and Haloplasma) were only found in the V 16S rRNA gene library (Figure 1 ). Sufficient studies in humans and animals have indicated that Escherichia/Shigella and Streptococcus are more abundant in the gut of individuals with infectious diseases (Edwards et al., 2012; Wang et al., 2012) . In the present study, we found the percentage of 16S rRNA sequences from Escherichia/ Shigella and Streptococcus accounted for 19 and 7% (Table 3, Figure 1 ) of the total sequences in broilers without dietary vitamins, respectively. Escherichia/Shigella was the second abundant genus/genera found in the cecum of broilers without vitamin additives. In contrast, in the cecum of those broilers with vitamin additives, Escherichia/Shigella and Streptococcus sequences were not detected. However, the genus Lactobacillus accounted for approximately 8% of the total bacterial 16S rRNA sequences. It is well known that Lactobacillus strains, which are associated with the maintenance of gut microecological balance, pH, immune response, and the integrity of intestinal epithelium (Madsen et al., 2001; Hunter et al., 2009) , are important probiotics in healthy individuals. Thus, the higher proportion of Lactobacillus in broilers with dietary vitamins than without vitamin additive may provide the host with positive health benefits.
A total of 15 OTU (OTU 2, OTU 8, OTU 12-13, OTU 16-22, OTU 24-25, OTU 27, OTU 32) were found to be phylogenetically very distantly related (identity <94.9%) to all known bacterial genera (Figure 2) . A total of 15 sequences, grouped into OTU 13 and 21, were not only found to be very distantly related to Anaerotruncus colihominis and C. saccharolyticum ( Figure  2 ), but also found to be very distantly related to any of the uncharacterized bacterial clones. This likely suggests that the sequences belonging to these 2 OTU are possibly new genera with novel species or strains. In conclusion, the current study provided the first account on the phylogenetic diversity and abundance of bacteria found in the cecum of broilers with and without vitamin additives. The diversity of cecal bacteria of broilers fed diets with vitamin additives was significantly higher than broilers without vitamins (P < 0.0001) with Clostridium as the most dominant genus in both groups of broilers, with Faecalibacterium identified as the second most dominant bacteria in broilers with vitamin additives. Escherichia/Shigella genus/ genera were only found in broilers without dietary vitamin additives and Lactobacillus was only found in broilers with a vitamin supplement. These differences may illustrate that a lack of vitamins in the diet can increase the abundance of pathogenic or facultatively pathogenic bacteria and reduce the diversity of bacteria in the cecum of broilers, which in turn can affect the health and resistance of the intestine. These results may further indicate that lack of dietary vitamins may not only be harmful to the growth performance and other biological function of broilers, but also a potential threat to the intestinal health of animals. However, many questions still remain unclear, such as how the dietary vitamins influence the communities of gut bacteria, whether there are differences on the mechanism between water-soluble and fat-soluble vitamins to the gut bacteria, or the influence of certain single vitamins on the intestinal bacterial communities. Moreover, the impact of dietary vitamins on the gut bacterial diversity of broilers may not be direct. The marked increase of feed intake of V broilers suggests that dietary vitamins may indirectly affect the gut health of broilers through regulating the intake of multiple nutrients. Thus, the underlying mechanism is complicated. Although the results of current study provide new leads for further investigations on the interaction between dietary vitamin additive and gut health of host, long-term (including the whole growing stages) investigations on the impact of vitamin additives to the gut microbes of broilers are also needed.
